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(57) ABSTRACT

A method and apparatus for discharging a memory cell in a
memory device. In one implementation, the memory cell
includes a capacitor having a first plate and a second plate,
and the method includes initially discharging the first plate of
the capacitor through a first discharge circuit and discharging,
the second plate of the capacitor through a second discharge
circuit. After the initial discharge, the method further includes
completely discharging the first plate of the capacitor and the
second plate of the capacitor by coupling both the first plate of
the capacitor and the second plate of the capacitor to ground.
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METHOD AND APPARATUS FOR
DISCHARGING A MEMORY CELL IN A
MEMORY DEVICE AFTER AN ERASE
OPERATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of application Ser. No.
11/123,979, filed May 6, 2005, now U.S. Pat. No. 7,177,198,
which 1ssued on Feb. 13, 2007, and claims the benefit under
35 U.S.C. §119 of Italian Application No. MI2004 A 001802,
filed Sep. 21, 2004.

FIELD OF THE INVENTION

The present invention relates to memory devices, and more
particularly to discharge of a memory cell in a memory device
alter an erase operation.

BACKGROUND OF THE INVENTION

It 1s desirable for memory flash devices, e.g., with NOR -
architecture, to be able to complete the erase operations with
sufficiently fast timing. Normally, these devices use the
Fowler-Nordheim Tunneling to perform the erase operations.
With this methodology, high voltages are applied contempo-
raneously to the memory cells to be erased. The erase opera-
tion then completes by discharging these high voltages to
ground. However, there 1s a trade-oil between the speed and
the reliability of the erase operation. To obtain a proper bal-
ance between the two, voltages 1n the order of 7 to 9V {for the
positive voltage, and -8 to =10V for the negative voltage, are
typically used. Two techniques are available for the positive
voltage: a positive voltage 1s applied only to the bulk node; or
a positive voltage 1s applied to the bulk node and to the source
node of the memory cells. In this specification, only the
second method 1s analyzed but either technique can be
applied.

FI1G. 1 1llustrates a ssmplified physical and electrical model
to represent the conventional erase phases performed on a
sector of a memory device. The electrical model 1s composed
of three capacitors: Cggnd 101, Cgb 102, and Cbgnd 103.
Cgb 102 represents the gate-bulk capacitor, which has a
capacitance equal to the total gate capacitance of the sector to
be erased versus the common cell bulk-source node. The top
plate of Cgb 102 represents the common gate node 104, and
the bottom plate represents the bulk-source node 105. Cggnd
101 represents the capacitance of the gate node 104 versus all
other nodes except the bulk-source node 105 (Node 1), and
Cbgnd 103 represents the capacitance of the bulk-source
node 105 versus all other nodes except the gate node 104
(Node 2). Fowler-Nordheim Tunneling erase 1s performed by
applying a negative voltage on the gate node 104 and a posi-
tive voltage on the bulk-source node 105. With the voltages
above, the total voltage seen by Cgb 102 1s in the order of
approximately 20V,

Since the capacitance value of all gates 1s relatively high,
by capacitive coupling, the gate node 104 (starting from —8/-
10V) can reach a high negative voltage during bulk-source
discharge. Moreover, the bulk-source node 105 can reach a
high positive voltage during gate discharge in the same way.
This value 1s very dangerous for all internal MOS devices
which can tolerate, normally, a voltage difference no higher
than 11V. After 11V, serious reliability problems occur. Thus,
it’s very important to control these discharge phases after the
erase operations with special circuitry to anticipate reliability
problems.
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FIG. 2 1llustrates one conventional approach for preventing,
reliability problems caused by reached voltage exiting from
crase operations. Here, the top plate and bottom plate of Cgb
202 are coupled together via the mitial discharge circuit 204
before discharging the gate node 104 and the bulk-source
node 105 to ground. FIG. 2 also includes a digital control
circuit 205 that completes the discharge operation by con-
necting to ground the gate node 104 and the bulk-source node
105. The discharge operation i1s controlled because the gate
node voltage variation cannot be lower than the 1nitial volt-
age, and the bulk-source voltage variation cannot be higher
than the iitial voltage. For example, 1f Cggnd=Cbgnd and the
start absolute voltage 1s the same for the gate node 104 and the
bulk-source node 1035, the Cgb plates will be discharged to the
same value of zero.

In the case with Cggnd>>>Cbgnd or Cggnd<<<Cbgnd, the
node with a bigger capacitance versus all other nodes will
tend to keep the 1mitial voltage value while the other voltage
node will decrease 1ts value quickly. The positive and negative
voltages will have their absolute values reduced without dan-
gerous drop or overshoot. The gate and source/bulk voltages
will go to ground without dangerous oscillations.

However, with this approach, the initial discharge circuit
204 15 required to work between -8/-10V (gate voltage) and
7/9V (bulk-source voltage). This requires a complicated
design, where voltage limiters may be necessary 1n order for
the circuit to properly operate with initial voltages near 20V,

BRIEF SUMMARY OF THE INVENTION

In general, in one aspect, this specification describes a
method for discharge in a memory device. The method
includes mitiating a discharge of a memory cell after an erase
operation, and coupling a first discharge circuit to a first plate
of a first capacitor, and a second discharge circuit to a second
plate of the first capacitor. The first plate represents a common
gate node of the memory cell and the second plate represents
a bulk-source node of the memory cell versus ground. The
method further includes coupling the common gate node and
the bulk-source node to ground to provide for a discharge.

Particular implementations can include one or more of the
following features. A current injected into the first plate can
be approximately equal to a current extracted from the second
plate. The first capacitor can be a gate-bulk capacitor. The first
plate of the gate-bulk capacitor can be coupled to a second
capacitor representing a capacitance of a gate node of the
memory cell versus all other nodes except the bulk-source
node. The second plate of the gate-bulk capacitor can be
coupled to a third capacitor representing a capacitance of the
bulk-source node versus all other nodes except a gate node.
The memory device can be a flash memory device.

In general, in another aspect this specification describes a
method for discharging a memory cell 1n a memory device, 1in
which the memory cell includes a capacitor having a first
plate and a second plate. The method includes 1nitially dis-
charging the first plate of the capacitor through a first dis-
charge circuit and discharging the second plate of the capaci-
tor through a second discharge circuit. After the initial
discharge, the method further includes completely discharg-
ing the first plate of the capacitor and the second plate of the
capacitor by coupling both the first plate of the capacitor and
the second plate of the capacitor to ground.

Particular implementations can include one or more of the
tollowing features. The first discharge circuit can have a first
node operable to be connected to the first plate and a second
node connected to ground. The second discharge circuit can
have a first node operable to be connected to the second plate
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and a second node connected to ground. Discharging the first
plate of the capacitor through a first discharge circuit and
discharging the second plate of the capacitor through a second
discharge circuit can include 1njecting a current into the first
plate of the capacitor that 1s approximately equal to current
extracted from the second plate of the capacitor. The memory
cell in the memory device can be discharged after an erase
operation 1n the memory cell.

In general, 1n another aspect this specification describes a
memory device including a memory cell including a capacitor
having a first plate and a second plate, a first discharge circuit
having a first node to be connected to the first plate and a
second node connected to ground, and a second discharge
circuit having a first node to be connected to the second plate
and a second node connected to ground. The memory device
turther includes a control circuit to discharge the capacitor
alter an erase operation of the memory cell by mitially dis-
charging the first plate of the capacitor through the first dis-
charge circuit by coupling the first node of the first discharge
circuit to the first plate, and discharging the second plate of
the capacitor through the second discharge circuit by cou-
pling the first node of the second discharge circuit to the first
plate. After the initial discharge, the control circuit com-
pletely discharges the first plate of the capacitor and the
second plate of the capacitor by coupling both the first plate of
the capacitor and the second plate of the capacitor to ground.

Particular implementations can include one or more of the
tollowing features. During the initial discharge, the first dis-
charge circuit and the second discharge circuit can keep cur-
rent 1njected into the first plate approximately equal to current
extracted from the second plate. The capacitor can be a gate-
bulk capacitor and the first plate can represent a common gate
node of the memory cell and the second plate can represent a
bulk-source node of the memory cell.

The details of one or more implementations are set forth in
the accompanying drawings and the description below. Other
teatures and advantages will be apparent from the description
and drawings, and from the claims.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

FI1G. 1 1llustrates a ssmplified physical and electrical model
to represent the conventional erase phases performed on a
sector of a memory device.

FIG. 2 1llustrates one conventional approach for preventing,
reliability problems caused by reached voltage exiting from
erase operations.

FI1G. 3 illustrates an electrical model of a discharge circuit
in accordance with one embodiment the present invention.

FIG. 4 1llustrates a method for a high voltage discharge
phase after an erase operation in a memory device 1n accor-
dance with one embodiment the present invention.

Like reference symbols in the various drawings indicate
like elements.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides an improved method for
discharging a memory cell in a memory device after an erase
operation. The following description 1s presented to enable
one of ordinary skill in the art to make and use the invention
and 1s provided 1n the context of a patent application and 1ts
requirements. Thus, the present invention 1s not intended to be
limited to the embodiment shown but i1s to be accorded the
widest scope consistent with the principles and features
described herein.
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To more particularly describe the features of the present
invention, please refer to FIGS. 3 and 4 in conjunction with
the discussion below.

FIGS. 3 and 4 1llustrate an electrical model and a flowchart,
respectively, of a method for a high voltage discharge phase
alter an erase operation 1n a memory device 1in accordance
with one embodiment the present invention. The electrical
model 1s composed of three capacitors: Cggnd 301, Cgb 302,
and Cbgnd 303. Cgb 302 represents the gate-bulk capacitor,
Cgegnd 301 represents the capacitance of the gate node 104
versus Node 1, and Cbgnd 303 represents the capacitance of
the bulk-source node versus Node 2. The top plate of Cgb 302
represents the common gate node, and the bottom plate rep-
resents the bulk-source node.

Referring to both FIGS. 3 and 4, when the discharge of a
memory cell 1s 1initiated, via step 401, the discharge circuits
304-305 are coupled to the first (top) and second (bottom)
plates of Cgb 302, respectively, via step 402. The discharge
circuits 304-3035 keep the current injected 1nto the top plate of
Cgb 302 approximately equal to the current extracted from
the bottom plate (I1=I2). Thus, when voltage 1n the order of
7V to 9V flor the positive voltage, and -8V to =10V for the
negative voltage are used in the erase operation, the maxi-
mum absolute voltage seen by the gate discharge circuit 304
for the gate discharger 1s approximately 8V-10V, and the
absolute voltage seen by the bulk-source discharge circuit
305 1s approximately 7V-9V. After this initial discharge, the
digital control circuit 306 completes the discharge operation
by coupling the gate node and the bulk-source node to ground,
via step 403. Neither complicated designs nor voltage limiters
are required to keep the discharge circuits 304-303 operating
at these appropnate 1nitial voltages. As shown 1n FIG. 3, 1n
one embodiment, the discharge circuit 304 1s separate from
the discharge circuit 305.

An 1mproved method for high voltage discharge phase
alter an erase pulse 1n a tlash memory device has been dis-
closed. The method couples discharge circuits to the top and
bottom plates of the gate-bulk capacitor during the initial
discharge of a memory cell, such that the current injected into
the top plate approximately equals the current extracted from
the bottom plate. In this manner, dangerous oscillations of the
gate and bulk-source voltages as they go to ground without
complicated designs or voltage limiters, and without sacrific-
ing the fast discharge after the erase operation. The reliability
of the discharge operation 1s thus significantly improved.

To further minimize drop or overshoot, 1t 1s possible to use
a matrix N-buried big capacitance (versus ground) to load the
bulk-source node. If during the discharge phases, the bulk-
source node and the N-buried node are connected together,
and discharged together, possible oscillations on these nodes
are automatically reduced because their capacitance to
ground 1s increased. Then, 1t 1s possible to stmplily the design
of the discharge circuits 304-305 (see FIG. 3) because a little
difference between I1 and 12 would be acceptable.

Although the present invention has been described 1n
accordance with the embodiments shown, one of ordinary
skill 1n the art will readily recognize that there could be
variations to the embodiments and those variations would be
within the scope of the present invention. Accordingly, many
modifications may be made by one of ordinary skill 1n the art
without departing from the scope of the appended claims.

What 1s claimed 1s:
1. A method for discharge 1n a memory device, the method
comprising;
imitiating a discharge of a memory cell after an erase opera-
tion;
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coupling a first discharge circuit to a first plate of a first
capacitor, and a second discharge circuit to a second
plate of the first capacitor, wherein the first plate repre-
sents a common gate node of the memory cell and the
second plate represents a bulk-source node of the
memory cell versus ground; and

coupling the common gate node and the bulk-source node

to ground to provide for a discharge.

2. The method of claim 1, wherein a current 1njected 1nto
the first plate 1s approximately equal to a current extracted
from the second plate.

3. The method of claim 1, wherein the first capacitor 1s a
gate-bulk capacitor.

4. The method of claim 3, wherein the first plate of the
gate-bulk capacitor 1s coupled to a second capacitor repre-
senting a capacitance of a gate node of the memory cell versus
all other nodes except the bulk-source node.

5. The method of claim 4, wherein the second plate of the
gate-bulk capacitor 1s coupled to a third capacitor represent-
ing a capacitance ol the bulk-source node versus all other
nodes except a gate node.

6. The method of claim 1, wherein the memory device1s a
flash memory device.

7. A method for discharging a memory cell 1n a memory
device, the memory cell including a capacitor having a first
plate and a second plate, the method comprising:

iitially discharging the first plate of the capacitor through

a first discharge circuit and discharging the second plate
of the capacitor through a second discharge circuit, the
first discharge circuit being separate from the second
discharge circuit; and

after the mitial discharge, completely discharging the first

plate of the capacitor and the second plate of the capaci-
tor by coupling both the first plate of the capacitor and
the second plate of the capacitor to ground.

8. The method of claim 7, wherein the first discharge circuit
has a first node operable to be connected to the first plate and
a second node connected to ground, the second discharge
circuit has a first node operable to be connected to the second
plate and a second node connected to ground.

9. The method of claim 8, wherein discharging the first
plate of the capacitor through a first discharge circuit and
discharging the second plate of the capacitor through a second
discharge circuit includes injecting a current into the first
plate of the capacitor that 1s approximately equal to current
extracted from the second plate of the capacitor.

10. The method of claim 8, wherein the memory cell in the
memory device 1s discharged after an erase operation 1n the
memory cell.

11. The method of claim 10, wherein the erase operation of
the memory cell 1s performed using Fowler-Nordheim tun-
neling.

12. The method of claim 8, wherein the capacitor 1s a
gate-bulk capacitor and the first plate represents a common
gate node of the memory cell and the second plate represents
a bulk-source node of the memory cell.

13. The method of claim 8, wherein the memory device 1s
a flash memory device.
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14. A memory device comprising;
a memory cell including a capacitor having a first plate and
a second plate;

a first discharge circuit having a first node to be connected

to the first plate and a second node connected to ground;

a second discharge circuit having a first node to be con-

nected to the second plate and a second node connected
to ground; and

a control circuit to discharge the capacitor after an erase

operation of the memory cell by

mitially discharging the first plate of the capacitor
through the first discharge circuit by coupling the first
node of the first discharge circuit to the first plate, and
discharging the second plate of the capacitor through
the second discharge circuit by coupling the first node
of the second discharge circuit to the first plate; and

after the 1mitial discharge, the control circuit to com-
pletely discharge the first plate of the capacitor and the
second plate of the capacitor by coupling both the first
plate of the capacitor and the second plate of the
capacitor to ground.

15. The memory device of claim 14, wherein during the
initial discharge the first discharge circuit and the second
discharge circuit keep current injected into the first plate
approximately equal to current extracted from the second
plate.

16. The memory device of claim 14, wherein the erase
operation of the memory cell 1s performed using Fowler-
Nordheim tunneling.

17. The memory device of claim 14, wherein the capacitor
1s a gate-bulk capacitor and the first plate represents a com-
mon gate node of the memory cell and the second plate
represents a bulk-source node of the memory cell.

18. The memory device of claim 17, wherein the memory
device 1s a flash memory device.

19. A memory device discharge method, comprising:

imitiating a discharge of a memory cell after an erase opera-

tion including discharging a first plate of a capacitor
through a first discharge circuit and discharging a second
plate of the capacitor through a second discharge circuit
different than the first discharge circuit, wherein the first
plate represents a common gate node of the memory cell
and the second plate represents a bulk-source node of the
memory cell versus ground; and

coupling the common gate node and the bulk-source node

to ground to provide for a further discharge.

20. The method of claim 19, wherein initiating a discharge
of a memory cell comprises 1njecting a current into the first
plate of the capacitor that 1s approximately equal to a current
extracted from the second plate of the capacitor.

21. The method of claim 19, wherein initiating a discharge
of a memory cell comprises implementing the erase operation
using Fowler-Nordheim tunneling.

22. The method of claim 19, comprising providing a flash
memory device that includes at least one memory cell.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

